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INTRODUCTION 
Ceramic materials keep high strength under high temperature and nonlubricative environ-
ments. Ceramic bearing balls are more commonly used now to replace steel bearing balls to sus-
tain high loads under such hostile environments. However, because ceramics are brittle, surface 
defects of ceramic bearing balls can cause total mechanical failure of the whole mechanism. In this 
paper, we shall discuss a quick, efficient, and accurate method for performing nondestructive test-
ing of spherical objects. Currently, there are several techniques being used to inspect spherical 
objects. Here, we introduce a new noncontacting technique, the optical probing technique of 
spherical resonance. This technique has great potential in the surface defect inspection of spherical 
objects 
CURRENT INSPECTION TECHNIQUES 
Currently there are several techniques used to inspect spherical objects. Visual inspection 
is the most commonly used technique. To inspect a ball, an inspector rotates the ball by hand and 
watches carefully under an ordinary optical microscope. It typically takes up to thirty minutes to 
complete the inspection of one ball. Besides, human factors, such as lack of concentration and fa-
tigue, will render the results unreliable. Acoustic microscopes have also been demonstrated to ac-
curately image the location, geometry, and size of the defects [1]. However, the ball must be ro-
tated several times to scan the entire surface. It would be cumbersome to use this technique on 
smaIl balls that are difficult to manipulate. 
THE RESONANT SPHERE TECHNIQUE 
Since current techniques have certain limitations, we developed a resonant technique. The 
theory behind this technique is that the existence of surface defects will affect the resonance fre-
quency spectrum of the sphere. 
Contact-Contact Resonance 
The resonant sphere technique was originally developed in 1964 by 1. D. Fraser to mea-
sure material properties, such as longitudinal wave velocity, shear wave velocity, and Poisson's 
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Fig. 1. Schematic of the contact-contact resonance technique. 
ratio [2]. This is accomplished by the following steps: i) measure the frequencies of fundamental 
resonant peaks, ii) compare the measurement data to the characteristic equations of the resonance of 
the spheres, iii) solve the equations, and iv) define the material propenies. We have successfully 
demonstrated our capability to measure material propenies to an accuracy of 0.2% using this 
technique [3]. We have also refined the technique by pushing it to the high-frequency region and 
by observing the resonance generated by surface waves. Fig. I shows the schematic of the exper-
imental set-up. 
The sphere is being mechanically mounted between two transducers. The bottom trans-
ducer receives an electrical signal from the synthesizer and excites waves onto the sphere. On the 
other pole of the sphere, another transducer is in Henzian contact with the sphere and receives the 
resonant signal. The signal is sent to an amplitude and phase detection system. The whole set-up 
is controlled by a computer. 
We measured three Si3N4 ceramic bearing balls of 0.5 inch diameter. The first is a perfect 
ball. The second and the third have a series of cracks made with 10 g and 50 g Knoop inden-
ters, respectively. In the low-frequency region, we successfully measured the resonances and cal-
culated the material propenies, as shown in Table 1. The variations in material propenies of the 
three samples are within 0.2% . This indicates that the existence of surface defects has very 
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Table 1. Calculation of material properties from low-frequency spectrum 
Ball A: a perfect ball with no cracks 
Ball B: has a series of cracks made with a 10 g load on a Knoop indenter 
Ball C: has a series of cracks made with a 50 g load on a Knoop indenter 
BallA Ball B BallC 
T12 mode f(KHz) 905.80 905.74 905.50 
SOl mode f(KHz) 720.41 724.42 721.40 
Vs (m/s) 6270.5 6270.1 6268.4 
VI (m/s) 11081. 11100. 11082. 
VR (m/s) 5779.9 5780.8 5778.8 
v 0.26447 0.26573 0.26522 
little effect on the low-frequency fundamental modes. When operated in the high-frequency re-
gion, the spectrum looks like that of Fig. 2. We see a series of resonance peaks equally spaced in 
the frequency domain. This equally-spaced phenomenon illustrates the fact that the circumference 
of the sphere must be an integer multiple of surface wavelengths, i.e., 
where r is the radius of the sphere, n is a large integer, and AR is the surface wavelength. 
Therefore: 
VR 
=-
2m 
= Constant 
(1) 
We measured the quality factor (Q) of the surface wave resonance modes for these three 
spheres and the result is shown in Table II. What we observed was a decrease in Q with an in-
crease in crack size, as expected because surface cracks scatter surface waves and the scattered 
field does not contribute to the original resonant field. According to the definition of Q ,Q varies 
inversely with energy dissipated in the system. 
Q = Energy stored in the system 
Energy dissipated in the system per cycle 
In our case, the denominator increases as crack size increases; thus Q decreases. 
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Fig. 2. High-frequency observHion of surface wave resonance. 
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Table II. Comparison of surface resonance Q for balls with different defects (we see a decrease 
in Q as crack size increases) 
BallA Ball B Ball C 
2 1t r / AR f (MHz) Q f (MHz) Q f(MHz) Q 
98 14.1964 10810 14.2090 7905 14.1790 3655 
99 14.3409 11321 14.3547 7998 14.3252 4348 
100 14.4855 9573 14.4988 8546 14.4677 4607 
Ol2tical Probing of Resonance 
The contact-contact resonance method, though giving good indications to the existence of 
surface defects, has certain limitations. It is difficult to use this method to measure spheres with a 
diameter smaller than 0.5 inch. To simulate a free oscillation of a sphere, the contacting transduc-
ers need to be supported on flexible mounts such as springs. The flexibility of springs makes it 
difficult to align the two transducers when measuring small spheres. It also makes it difficult to 
control the contacting load between the transducers and the sphere. Moreover, having two trans-
ducers facing one another introduces additional electronic crosstalk noise, especially in the high-
frequency region, where surface waves exist for small spheres. To circumvent these difficulties, 
we introduce another technique to measure resonance of spheres, the optical probing technique. 
The schematic of the optical probing technique is shown in Fig. 3. Instead of using an-
other receiving transducer on the north pole of the sphere, we use a laser beam to probe the reso-
nance of the sphere. In our case we use a heterodyne laser interferometer. This technique not only 
solves the difficulties with alignment, loading, and electronic crosstalk, but the laser beam can also 
be focused down to a micron-size spot to measure the point response of the sphere. Also, because 
the contact load between the sphere and the source transducer is due to only the weight of the 
sphere, the measurements are reproducible. We used this system to measure a perfect Si3N4 ce-
ramic bearing ball of 0.25 inch diameter. Our preliminary result shows the existence of surface 
wave resonance to frequencies as high as 80 MHz (this value is limited to the Bragg cell used in 
the interferometer). An example of the data measured is shown in Fig. 4. 
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Fig. 3. Schematic of the optical probing technique. 
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Fig. 4. High-frequency spectrum of a Si3N4 ceramic bearing ball (diameter=0.25 inch). Data 
is acquired using the optical probing technique. We see again a series of equally-
spaced surface wave resonances. 
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Fig. 5. A straight line fit using Eq. (1) to calculate the apparent surface wave velocity. 
Again, we observed a series of equally spaced resonance peaks in the frequency spec-
trum. A calculation of apparent surface wave velocity from Eq. (1) is shown in Fig. 5; the mea-
sured surface wave velocity is close to the calculated data in Table I. We are currently trying to 
calibrate our interferometer to accurately measure the amplitude and phase of the spectrum. 
CONCLUSION 
We have demonstrated the capability of using an optical beam to probe the resonance of a 
sphere. It was shown that surface defects have little or no effect on the low-frequency spectrum 
of the resonance of a sphere. The resonant sphere technique can therefore be used reliably for 
material property measurement. We also demonstrated the first observation of surface wave res-
onance and the application of its results to surface defect inspection. We believe also that the op-
tical probing technique is capable of reliably detecting surface defects. 
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